Through a number of "participative learning" exercises, it may be demonstrated that the human brain can be very predictable in its modus operandii. This is an excellent attribute when considered as a conditioned response to a stimulii as in the case of a defence mechanism. This factor however militates against the brain by reducing its capacity to produce creative ideas. Subsequent exercises analyse shapes, develop abstract products, examine products in use and consider the re-design of products. The paper concludes that random search methods can aid the design process in forcing designers to think laterally.
Introduction ".....The problem put to the student is not: How would you bridge this river?: it is: Giv en a suspension bridge of this span, weight and shape, with cables of this material, how thick WO uld the cables have to be ......'I (1) This is the conventional way of thinking. However, we believe that random numbers have a role to play in the solution of a wide variety of problems. The problems are usually large, complex and in many cases, of a combinatorial "explosive" nature i.e. of an n! size. When the value of n=10, there are in excess of 3 H million possible outcomes. Such problems include train timctabling, vehicle routing, siting and location problems, factory scheduling, assignment problems and many more. Solution procedures often involve sampling, simulation methods and numeric-analytic techniques.
For many years the means have been available that allow the solving of such problems (7) . A major revival in this area came about in the mid-sixties and early seventies, when fast computing methods became inexpensive and available to a substantially larger number of users. As a result of this and other factors, the role of genes and genetic engineering is better understood, finite element methods have wider use and more problems become recognisable as being of a combinatorial nature.
However the doyen of combinatorial problems must be that of design where there are a multitude of criteria to choose from. Random numbers may be used here to stimulate new ideas by forcing connections between criteria that would not normally be considered. This can lead to new combinations of materials which will in turn open the field to new design ideas. Similarly, it may be applied to the use of other components in a product such as fasteners, methods of manufacture, ergonomic considerations and other numerous factors that need to be considered. This process is an iterative one which leads to an optimal design. The design of a modern family saloon car with hatchback facilities has evolved as the result of an iteration process, in the design of cars over many years. As new materials, new markets etc. are developed, the iteranon process towards an optimal design continues.
In this paper, the authors demonstrate how random numbers can help in the design process. This is achieved with reference to experience gained in teaching courses in Design Methods to both industrial and engineering design students and with particular reference to product design. See references (2), (3),(5)and (6) .
The use of random numbers is taught using a series of participative exercises.
Random Thinking:
This exercise demonstrates that the human brain has severe limitations in its ability to handle randomness.
Each student is given a piece of paper and is instructed to write any number between 0 and 9 on it. Students are instructed to relax and imagine that they have a roulette wheel spinning in their head which will stop at the random number. Depending on group size, the exercise is repeated until a large sample of numbers has been obtained. words is normally sufficient to carry out the exercise. For example, a typical response to the word "clown" would be "circus", and to "bread" would be "butter". At the end of the exercise, the student's responses are compared with those of the group. It soon becomes clear that the variation in responses is quite narrow. Variations on "clown" could be "funny', "kids" etc.
These exercises on the inability to think randomly demonstrates what the authors refer to as the "brains-inchains" or "minds-with-blinds'' syndrome.
Analysing Shapes Using Random Numbers:
This exercise demonstrates a wider use of random numbers. Polya (4) the father of heuristic reasoning, has a basic premise, that if the problem we have before us is too complex, we can make an assumption which simplifies the initial problem. Hence by adopting the assumption, this can lead to the solution of the simpler problem. By inference, we can use this additional information to solve the complex problem. For example, the authors seek to find the area of a circle, (the complex shape) but have forgotten the formula. Polya thinking is 'we do not know the area of a circle but we do know the area of a square -let us assume that the circle is square!' Polya's book "How to Solve It" (7) , was published in 1944 and pre-empted the whole of modem day fast computing methods. Today we can utilise Polya thinking and because of cheap fast computing, can derive the full potential afforded by such methods.
The example above is demonstrated in figure 2 . A circle is enclosed in a square which has a grid of 10 by 10. Using random number tables, a sample of 20 random points are generated. The proportion of points falling within the circle are noted and an estimate of the area of the circle is obtained as a proportion of the 10 by 10 square. If several participants values are accumulated, it soon becomes clear that a value of p accurate to 3 places can be quickly obtained. 
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D. To make the boot biodegradable it was suggested that an organic compound (yeast) be introduced into the material.
A similar exercise was carried out by a group of 1st year Industrial Design students as a means of getting them to think in a non-linear fashion. The brief was to design a door and the attributes consisted of the type of door, the period and two sets of materials. The students drew numbers out of a hat and used the resultant attributes to design their doors as shown in Appendix 1. This exercise was set over a 4 hour period.
These exercises are not only an excellent means of broadening a student's thinking in design, but also also great fun to do. The product and attribute lists can be varied enormously, hence we have a problem of truly combinatorial proportions.
Using a Random Sampling Method to Analyse Products in Use:
This exercise is set out as a case study as follows:
Richolta Photocopiers -A case study in product design.
Richolta make a range of 8 photocopiers. At the most basic level, the photocopier is small and will produce a good copy of A4 quickly and cheaply. There are no frills or fancy attachments on the basic model. At the top end of the range, the model has five levels of magnification and reduction, automatic feeding of documents, special sorting facilities and dual page copying.
Within the range is an assortment of these various facilities on the photocopiers. 6 of the models have reduction and enlargement facilities. It was anticipated by the design team that, at most, 20% of the time the copier would be used in the reducing / enlarging mode. Repair work on the photocopier's focusing device has been an acute problem in recent years. It is felt that steps should be taken to assess the usage of the copiers with particular emphasis on mode of use. It is generally agreed that this particular feature has been "under-designed and not sufficiently robust.
It is the aim of the design team to reduce the range of the product from 8 to 5 and still satisfy the market.
Knowledge of the products in use is a specific requirement of the design team.
A prestigious mail order company has been chosen as an example, on which to carry out an Activity Sampling exercise to assess the utilisation of 16 top-of-the-range copiers and the modes in which they are used.
Comments on the results of the study. Figure 3 shows a log of the utilisation of 16 photocopiers in use over a one working period. In order to obtain detail such as shown in the log it would have required 16 observers over the period of time which can be very expensive and probably not very representative.
Random sampling provides a valid, statistically based alternative. Random numbers are taken from tables and a prototype study is set up making 10 patrols across the working day. In this way, 160 observations are made of the photocopiers in use on a daily basis viz. simple copying, copying and collating, enlarging / reducing and idle time including down time. and that more patrols are needed. The final percentage calculated is accurate within these limits at a confidence level of 95%.
In this case study the technique of activity sampling has been used as a design tool. The technique has a wide application over a broad spectrum of problems in data collection methods and the unbiased nature of it ensures complete credibility.
Product Re-Design Using Random Numbers:
This exercise uses random numbers in the design process, the authors consider randomly sampling in a 3-dimensional space. This is based on De Bono's work (4) on lateral thinking which is well known and included as core material in most courses on design. The authors have taken the concept a step further by devising a method of enhancing (forcing) the process of lateral thinking.
This is achieved by taking a product, for example, an electric toaster, and drawing it, not as a 3-dimensional object but as an unfolded 2-dimensional development plan. A 10 x 10 grid is superimposed on the plan as shown in figure 4 .
In the design of the toaster, we consider the re-location of a badly placed temperature control knob. By taking sets of random numbers in pairs, we identify a sample of sites for re-locating the control. We are "forced" to consider siting the control on the bottom (yes, it can be sited there if you think about it!) but we settle for putting it where the depresser bar is and combine the two. All sample sites must be considered in this exercise.
2
+ Fig. 4 Re-design of an electric toaster using forced lateral thinking.
Process
In this sixth and final exercise using random numbers the method of Monte Carlo Simulation is considered as a design tool. The same design of iron could be used for all of these tasks but it is more than likely that particular garments are ironed more effectively by other designs of iron.
This is an excellent example of a combinatorial explosive problem and any given user would have a different mix of garments compared with any other user.
For a specific number and mix of garments, the associated distribution for each irodgarment relationship could be sampled and the effectiveness of each design of iron established using a process of simulation.
In order to carry out the simulation process, it is necessary to re-assemble the data in the form of a cumulative frequency distribution as shown in figure 6 .
The figures on the left show the total number of shirts ironed and the figures on the right have been levelled to a scale of 0-100. Distributions are individually sampled using random numbers enabling a working log to be built up for a given design of iron and a gwen mix of garments. In figure 6 it may be seen that a random number of 37 gives a sampled time of 156 seconds. Note that sampling to infinity entirely replicates the original dismbution no matter how variable the form of it. The method thus does not assume any prescribed form of distribution which would lead to errors in solutions to real-life problems.
SHIRTS TIME SECONDS X 10 Summarising, Monte Carlo Simulation is a useful design tool when predicting the effectiveness of a design under specified conditions. Although the method may be used manually, it is now usual to carry out the procedure by computer. Several useful standard software packages are available for this.
The Term Project:
Designing using random numbers to enhance the lateral thinking process is a section of the main course in Design Methods. As part of that course a term project is undertaken by three participants as a group design exercise. A problem is set which is common to all participants. An example of this is "Transport a cup of hot coffee held in a polystyrene beaker diagonally across an empty cardboard box measuring 1.5m x 1.5m x 1.00m. Two holes of lOcm dia. are cut in opposing comers. The coffee must be hot on arrival and a full cup must be delivered" ......... in essence a rescue exercise.
Each group is asked to provide 5 random numbers, each one representing a different item which may be utilised in the design project.
Numbers 5,9,8, 6 and 0 would provide the group with an empty coke can, a thirty minute audio cassette tape, a wire coat hanger, a Times newspaper and 1 dozen elastic bands.
The projects are monitored closely over the term by a number of assessments and full demonstrations take place in the final week of the term.
Participants learn a lot about the design process, gain experience in group working, and appreciate the need for good planning and the meeting of deadlines. As an additional bonus, they seem to enjoy it as well! In Conclusion:
The human brain may be considered as a single-channel processing device. As the ageing process advances, the brain becomes condttioned to respond to stimuli. This is not a bad thing as a defence mechanism but militates against imaginative thinking and creative design. It is well known that the human brain can be influenced by certain drugs like L.S.D. Such drugs remove inhibitions and heighten sensitivity to stimuli. They also reduce both natural and learned defence mechanisms. It has been claimed that hallucinogenic drugs can significantly enhance creativity. Thus there is strong evidence to suggest that the thinking process can be both altered and manipulated. Such evidence leads to the conclusion that thought processes can be directed more efficiently and that as a processing unit, the brain can be more fully utilised. Lateral thinking is a proven concept which leads to more creative thinking and more imaginative design. Random numbers used in the ways outlined above, can enhance or even force the lateral thinking process and, we believe, produce better designers as a result.
To conclude, it is appropriate to end this paper as we started it with a quotation "........We are not trying to produce an idea to solve a particular problem. We are trying only to break away from the bondage of habit in our thoughts ...." (1).
